Introduction {#sec1_1}
============

Iron is absorbed mainly in the duodenal mucosa. There is no mechanism to shed iron in humans other than with natural blood loss during menstruation. Therefore iron homeostasis is maintained by regulating iron absorption. Influx and efflux of iron in duodenal enterocytes is regulated by ferroportin. Ferroportin is a hepcidin binding protein expressed in duodenal enterocytes. Hepcidin is a peptide synthesised in the liver and is the main regulator of iron homeostasis \[[@B1], [@B2], [@B3]\]. The hepcidin gene is principally expressed in hepatocytes and to a lesser extent in neutrophils and macrophages \[[@B4], [@B5], [@B6], [@B7]\].

When total body iron stores are low with reduced circulating serum iron levels, the iron sensor will signal a reduction in hepcidin synthesis. The iron sensoring mechanism is thought to be a complex process, the details of which have not been fully elucidated as yet. The resultant reduction in circulating hepcidin concentrations will modulate ferroportin activity and lead to greater uptake and export of iron in duodenal enterocytes. Therefore a direct dynamic correlation exists between serum iron and hepcidin synthesis as a feedback mechanism to reduce iron entry or accelerate entry reflecting the changing iron requirements. Essentially hepcidin is a hormone negatively regulating iron absorption. In addition to serum iron, an erythropoietic signal also influences hepcidin synthesis, but the specific mediator has not been described as yet. High erythropoietic activity appears to suppress hepcidin synthesis as a feedback mechanism.

The hepcidin-ferroportin interaction in duodenal enterocytes is the rate-limiting step for iron export from duodenal enterocytes which in turn influences iron uptake into the enterocyte involving the DMT1 (divalent metal transporter protein 1) from the intestinal lumen \[[@B8]\].

Hepcidin plays a central role in the pathogenesis of hereditary haemochromatosis \[[@B6], [@B8], [@B9], [@B10]\] by failing to suppress iron uptake and export from duodenal enterocytes leading to iron overload, the hallmark of this disease.

Haemojuvelin mutation, which is rare, causes severe early onset juvenile haemochromatosis. Haemojuvelin encoded by the gene HFE2 is a critical upstream regulator of hepcidin expression \[[@B11]\].

In patients with iron deficiency, hepcidin synthesis is suppressed and serum haemojuvelin has been found to be elevated \[[@B11]\]. In addition to haemojuvelin, another signal protein called bone morphogenic protein (BMP) also influences hepcidin synthesis and is thought to be the central regulator affecting hepcidin synthesis responding to changes in serum iron \[[@B8], [@B12]\].

Hepcidin synthesis is reduced in transferrin receptor 2 haemochromatosis, another rare form of haemochromatosis, which is independent of mutations in HFE gene \[[@B13]\]. High hepcidin levels are also thought to account for anaemia of chronic disease and anaemia in patients with chronic renal failure.

We describe a patient with lead poisoning in whom iron studies were undertaken. As one of several investigations, she had serum prohepcidin (the hepcidin prohormone) levels measured.

Case Description {#sec1_2}
================

A 38-year-old female was referred to the outpatient clinic for recurrent severe abdominal pain. This was not associated with any vomiting or diarrhoea. She had been unwell for two years and had been seen in several gastroenterology clinics with unexplained abdominal pain and anaemia. She did not have any drug allergy. She was a married housewife with children. Clinical examination was unremarkable.

The patient had exhaustive gastrointestinal investigations including gastroscopy, colonoscopy, barium follow through and CT scan of the abdomen which were all normal. Urinary porphyrins were measured to investigate possible porphyria as the cause of abdominal pain. The urinary porphyrin results raised the possibility of lead poisoning and this was confirmed by two separate blood samples taken for serum lead level.

Her haemoglobin was 8.3 g/dl (12--16 g/dl), MCV 91 fl (82--100 fl). Her white cell count and platelet count were both normal. Thyroid function tests were normal as well. Serum iron was 14 μmol/l (6.6--30 μmol/l), TIBC 68 μmol/l (45--72 μmol/l), ferritin was 109 ng/l (4.6--204 ng/l). Haemoglobin electrophoresis showed normal haemoglobin electrophoretic pattern.

Her ESR was 28 mm/h and C-reactive protein was \<7.0 mg/l (normal \<10 mg/l). Liver function tests were normal. Gut hormone profile was within normal limits. Serum immunoglobulin levels were normal. 24 h urinary catecholamines were normal. Tumour markers including CEA, Ca 125 and Ca 19-9 were normal.

Blood porphyrins showed elevated erythrocyte zinc protoporphyrin at 1,731 nmol/l and erythrocyte free protoporphyrin at 748 nmol/l. Urinary porphyrin showed raised total coproporphyrin I and II level at 20,415 nmol/l (\<115 nmol/l). Coproporphyrin-I level was 19,940 nmol/l. Erythrocyte 5-nucleotidase level was 5.6 IU/l (0--9 IU/l).

Her serum lead level was 779 μg/l (normal \<100 μg/l) and on repeat testing was found to be raised at 707 μg/l. Serum folate and B12 levels were normal. Review of blood film confirmed basophilic stippling in red cells.

A blood sample was taken for the measurement of hepcidin prohormone by ELISA method (DRG Diagnostics, Immunodiagnostic Systems Ltd, Bolton Tyne and Wear, UK). The sample was stored at −80°C and allowed to return to room temperature before analysis and the result was 2,489 ng/ml. In healthy volunteers, prohepcidin levels have previously been reported to be less than 450 ng/ml \[[@B9], [@B14]\].

The source of lead poisoning was not identified. She had chelation therapy with penicillamine and her lead levels returned to normal.

Discussion {#sec1_3}
==========

Hepcidin is an acute phase protein and its synthesis will be increased in inflammatory diseases as a result of stimulation by interleukin-6 \[[@B15], [@B16]\]. Our patient did not have any evidence of concurrent inflammation or infection when her hepcidin was measured.

Plasma hepcidin assay, as opposed to prohepcidin assay, is not commercially available, although a semiquantitative ProteinChip System has recently been described \[[@B17]\].

There is no reason to suspect that a direct linear relationship would not exist in vivo between the prohormone prohepcidin and hepcidin. A raised prohepcin must indicate that her hepcidin level, if it was possible to measure it, would have been high too. Prohepcidin is a 60 aminoacid peptide cleaved by proteases to form the biologically active 25-peptide hepcidin \[[@B18]\]. Hepcidin levels are known to be increased in patients with chronic inflammation. This is thought to be responsible for trapping iron in macrophages, resulting in reduced serum iron levels. This leads to anaemia of chronic disease \[[@B19]\]. Refractory anaemia caused by lead poisoning is referred to as sideroblastic anaemia. Sideroblastic anaemias are a heterogenous group of inherited or acquired disorders characterised by defective haemoglobin synthesis within erythroblasts leading to ineffective erythropoiesis.

To our knowledge, this is the first report describing raised prohepcidin levels in a patient with refractory anaemia from lead poisoning. It is likely that lead toxicity resulted in accelerated synthesis of hepcidin in hepatocytes or macrophages which in turn caused refractory anaemia. This is thought to be due to iron trapping in macrophages and failure of iron uptake in erythroid precursor cells in the bone marrow.

In anaemia of chronic disease, to some extent, zinc functions as an alternative protoporphyrin ligand by incorporating into protoporphyrin during haem synthesis. In anaemia of chronic disease, this can lead to increased zinc protoporphyrin levels \[[@B20]\]. Therefore another mechanism in the pathogenesis of anaemia in lead poisoning could be disrupted haem synthesis involving defective iron incorporation into haem, a process that may be mediated by hepcidin.
